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Preface 


This  thesis  investigates  the  effect  of  contact  fabri¬ 
cation  on  the  specific  contact  resistivity.  Different 
implantation  doses  of  Si  at  various  annealing  temperatures 
were  tested  for  the  lowest  resistivity.  This  work  limits 
its  study  to  only  AuGe/Ni  contacts  on  GaAs .  More  extensive 
research  needs  to  be  conducted  before  any  definite  con¬ 
clusions  can  be  drawn.  This  work  has  developed  a  functional 
test  procedure  and  indicated  shortcomings  in  the  contact 
pattern  mask. 

I  would  like  to  thank  Dr.  Y.  K.  Yeo  for  the  time  and 
effort  which  he  spent  discussing  and  aiding  in  this  work. 

The  insertion  of  a  little  positive  psychology  at  appropriate 
times  by  Dr.  Yeo  helped  me  overcome  the  frustrations  that 
are  inherent  in  any  experimental  work.  I  am  indebted  to 
Dr.  A.  Ezis  for  his  time  and  extreme  patience.  I  also  wish 
to  thank  Dr.  Y.  S.  Park,  Dr.  R.  Hengehold,  and  the  Electronic 
Research  Branch  of  the  Wright  Aeronautical  Laboratories  for 
sponsoring  my  work  and  supplying  me  with  the  necessary 
technical  support. 


Diane  M.  Fischer 
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Abstract 


A  study  of (fabricating  a  low  resistant  contact  on 

[28/ 

Si  -  implantedjn-type  GaAs  was  conducted.  Ion  doses  of 

si 

of  700 °C  to'  900 °C  were  tested  in  order  to  achieve  the  lowest 


1  x  (10 


to  1  x  10 //dr  and  annealing  temperatures 
""  /  St 


specific  contact  resistivity.  Experimental  results  show 


that  a  low  specific  contact  resistivity  of  2.78  x  /loy  0: 

can  be  obtained  on  GaAs  layers  which  have  been  formed  by 

'Sr'1  x  14  /  — g""'* 

Si  ;  (3  x  10  s/v/l r  )  implantation  in  undoped  semi-insulatingi 

—  /  if'* 

,6aAs  annealed  at  850°C  using  an  oxygen-free  chemical  vapor 
/  deposited  Si3N4  layer  as  an  encapsulant  follower  by  subse¬ 
quent  deposition  of  AuGe/Ni  ohmic  contacts.  Recommendations 
are  discussed  concerning  further  studies  and  a  design  for  a 
new  contact  test  pattern  which  would  improve  the  degree  of 
accuracy  of  resistivity  measurements. 
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STUDY  OF  OHMIC  CONTACTS  ON 
28 

Si  -  IMPLANTED  GaAs 

I  Introduction 

In  the  world  of  high  speed  electronic  device  applica¬ 
tions,  interest  has  developed  in  producing  devices  using 
gallium  arsenide  (GaAs) .  The  problem  lies  in  fabricating  a 
good  reliable  low-resistance  contact  to  such  devices.  An 
ideal  ohmic  contact  allows  current  flow  in  either  direction 
without  any  resistance,  however  such  an  ideal  contact  is  not 
always  possible  to  produce  in  a  working  environment.  A 
potential  barrier  between  metal  and  semiconductor  interface 
is  nearly  always  present  to  make  the  contact  less  than  ideal 
(Ref  1) .  A  contact  may  still  be  considered  ohmic  if  the 
resistance  is  small  and  the  voltage  drop  is  linear  with  the 
changes  in  the  current  flow.  Numerous  studies  have  been 
made  on  minimizing  the  effect  of  the  barrier  and  reducing 
the  contact  resistance  (Ref  2,  3,  4,  5). 

The  ohmicity  of  a  contact  is  often  evaluated  in  terms 

of  its  specific  contact  resistivity,  p  (Ref  5,  6,  7);  the 

c 

2 

units  of  p  being  in  n-cm  .  Ideally,  p  =  0,  but  normally 
c  c 

is  '  ****  sr  _ jl  .  A  low-resistance  ohmic  contact  has  a  p„ 
c  -  c 

—6  2 

of  typically  *10  fl-cm  ,  however  even  lower  resistances  are 
desired. 


Research  on  the  theory  of  metal-semiconductor  inter¬ 
faces  and  their  current  transport  characteristics  are 
usually  considered  to  have  begun  with  work  of  Mott  (Ref  8) 
and  Schottky  (Ref  9) .  The  initial  experimental  work  on 
developing  alloyed  typed  ohmic  contacts  to  GaAs  was  performed 
by  Cox  and  Strack  (Ref  10) .  Since  that  time,  various  methods 
for  fabricating  ohmic  contacts  have  been  examined.  The  usual 
technique  alloys  a  Au-Ge  contact  mixture  into  the  GaAs  sur¬ 
face.  The  Ge  is  believed  to  move  into  the  GaAs  surface  and 
creates  a  highly  doped  region  which  forms  a  thin  space  charge 
layer  that  electrons  can  tunnel  through.  Usually  thermal 
alloying  is  performed,  but  laser  annealing  and  electron  beam 
annealing  (Ref  11)  has  gained  current  interest.  As  a  means 
to  reduce  the  contact  resistance,  ion  implantation  has  been 
tried  with  success  (Ref  3,  4,  12).  Various  ion  species  have 

been  studied  such  as  Si,  Se  and  (Se  + Ge)  that  have  produced 

-7  2 

contacts  with  reported  resistivities  of  "3  x  10  fl-cm 
(Ref  3)  . 

More  importantly,  a  dependable  means  of  fabricating  a 
low-resistance  contact  needs  to  be  developed  since  so  often 
an  ohmic  contact  is  fabricated  but  then  cannot  be  reproduced 
(Ref  5,  13) .  One  objective  of  this  work  is  to  obtain  pre¬ 
dictable  results  from  a  fabrication  process  in  particular, 
the  process  of  ion  implantation.  As  a  second  objective, 
this  research  sought  to  minimize  p  by  varying  implantation 
doses  and  the  annealing  temperatures.  The  implantation  of 


ions  serves  to  increase  the  number  of  carriers  in  the  mate¬ 
rial  and  therefore  to  reduce  the  contact  resistance.  The 
annealing  process  activates  the  implanted  ions  by  placing 
the  ions  in  lattice  sites  within  the  crystal  structure. 

This  thesis  presents  a  brief  background  on  the  theory 
surrounding  ohmic  contacts  and  resistivity  along  with  a 
mathematical  development  in  Section  II.  Section  III  gives 
a  description  of  the  equipment  used  in  the  research;  plus 
the  procedure  for  preparing  the  sample,  taking  the  measure¬ 
ments,  and  performing  the  calculations.  The  data  and  results 
are  presented  in  Section  IV.  This  paper  concludes  with 
recommendations  for  further  studies  in  Section  V. 


II  Theory 

Before  any  discussion  of  contact  performance  and  ohmic 
contacts,  one  must  have  a  clear  meaning  of  the  word  "ohmic". 
To  define  this  term,  the  structure  of  the  metal-semiconductor 
(MS)  interface  has  to  be  considered.  The  nature  of  ohmic 
contacts  and  specific  contact  resistivity  will  be  discussed 
in  this  section.  Finally,  a  mathematical  approach  that  leads 
to  solving  for  the  contact  resistivity  will  be  presented. 

Ohmic  Contacts  and  Resistivity 

When  a  metal  and  semiconductor  are  joined,  a  potential 
barrier  is  formed  at  the  interface.  Figure  1  shows  the  band 
diagram  of  a  MS  contact  on  a  moderately  doped  semiconductor. 
This  type  of  barrier  is  referred  to  as  a  Schottky  barrier. 

In  the  figure,  Ec  and  Ev  represent  the  semiconductor  con¬ 
duction  and  valence  bands,  respectively.  The  Fermi  energy 
level  is  Ep.  The  potential  barrier  height  is  given  by  <|>B 
and  the  space  charge  region  width  is  W. 

Classically  <j>_  is  defined  as 

=  *m  Xs 

where  <fc  is  the  metal  work  function  and  X„  is  the  electron 
m  s 

affinity  of  the  semiconductor  (Ref  14)  .  If  <t>  >  *  ,  where 

hi  5 

is  the  semiconductor  work  function,  the  barrier  of 

s 
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Figure  1  results.  This  barrier  impedes  the  current  flow  and 
even  for  low  values  of  current,  large  voltage  drops  appear 
across  this  interface  which  can  result  in  a  large  contact 
resistance . 

If  $  <  $  ,  a  can  become  zero  or  even  negative.  In 

such  a  case,  the  current  sees  essentially  no  resistance 
since  no  barrier  exists.  An  ideal  contact  is  defined  as  one 
that  has  zero  contact  resistance.  The  most  desirable  con¬ 
tacts  are  ohmic  contacts  with  zero  contact  resistance.  How¬ 
ever,  most  practical  MS  combinations  do  produce  a  barrier 
and  therefore  a  less  than  ideal  contact.  Obviously  when 
fabricating  ohmic  contacts  onto  devices,  the  goal  is  to  have 
a  smaller  voltage  drop  across  the  contact  interface  than  the 
voltage  drop  across  the  bulk  region  of  the  device.  This 
minimizes  the  presence  of  the  contact  so  that  the  contact 
does  not  affect  the  performance  of  the  device.  The  I-V 
response  of  the  contact  should  be  linear  as  well.  In  this 
case,  the  description  of  "ohmic"  becomes  a  relative  one, 
being  compared  to  the  bulk  resistance  of  the  device. 

A  more  quantitative  way  to  describe  ohmic  contact 

performance  is  in  terms  of  specific  contact  resistivity, 

2 

P  ,  which  is  given  in  units  of  n-cm  .  The  definition  of  p 
c  c 

lumps  together  the  effects  of  the  contact  interface  into  a 

single  distributed  resistance.  If  the  I-V  response  of  the 

interface  is  linear,  the  value  of  p  is  applicable  over  all 

c 

voltage  drops.  If  the  I-V  response  is  non-linear,  then  the 


p  value  is  applicable  only  at  one  particular  value  of  I  and 
c 

V.  Lower  values  of  pc  are  preferred. 

When  contact  current  flow  is  perpendicular  to  the  inter¬ 
face,  the  resistance  of  a  contact  of  a  given  area  A  can  be 


stated  as 


(1) 


and  voltage  drop  across  the  contact  is  calculated  from 

V  =  IR  .  (2) 

c  c 

For  current  flow  in  a  planar  contact,  current  flow  is  not 

strictly  perpendicular  therefore  Eq.  (2)  cannot  be  applied 

directly.  A  different  method  must  be  used  to  relate  V  to 

c 

I  and  p  (Ref  6,7).  In  such  cases,  the  concept  of  p  is 
c  c 

still  a  valid  and  convenient  way  to  characterize  the  per¬ 
formance  of  the  contact.  Therefore  a  contact  with  suffi¬ 
ciently  small  pc  values  could  be  called  "ohmic".  Normally 

_3  2  .g  2 

contact  that  has  a  p  in  the  range  of  10  O-cm  to  10  fl-cm 

c 

is  considered  an  ohmic  contact. 

One  means  of  reducing  the  p  is  to  heavily  dope  the 

c 

semiconductor  which  causes  the  barrier  slope  from  Figure  IB 
to  become  steeper  and  W  to  be  reduced.  For  values  of  W  on 
the  order  of  a  few  lattice  spacings,  electrons  can  quantum 
mechanically  tunnel  through  the  barrier  when  a  voltage  is 
applied  and  give  rise  to  a  current.  The  tunneling  currents 
can  be  quite  large  and  create  a  contact  with  a  very  low 
resistance.  Ion  implantation  is  used  in  the  same  manner. 


The  implantation  reduces  W  and  produces  a  contact  with  a  low 
pc* 

A  second  method  used  to  reduce  the  potential  barrier  is 

ion  implantation.  This  is  the  method  employed  by  this  study. 

Ions  are  implanted  into  the  semiconductor  to  increase  the 

number  of  carriers  in  the  material.  An  annealing  process 

follows  which  activates  the  implanted  ions  by  placing  the 

ions  in  lattice  sites.  Consequently,  both  the  implantation 

dosage  and  the  annealing  temperature  affect  the  p  . 

c 

Mathematical  Development 

By  definition,  the  specific  contact  resistivity  is 
given  by 


where  p  =  specific  contact  resistivity 
c 

V  =  voltage 
J  =  current  density 

One  of  the  methods  of  determining  p  is  to  use  a  transfer 

c 

length  measurement.  In  this  method  the  actual  measured 
quantity  is  the  transfer  length,  LT.  is  the  distance 
that  the  current  has  to  flow  under  the  contact  before  the 
fraction  (1  -  i)  is  transferred  to  the  contact. 

If  a  transfer  length  test  pattern  is  used  such  as  the 
one  in  Figure  2  and  a  current  is  passed  between  the  end 
contacts,  the  potential  developed  can  be  measured  against 


8 


the  distance  x.  In  the  ideal  case,  the  potential  VQ  at  x=0 

should  be  zero,  but  in  fact  the  potential  VQ  at  x=0  is  not 

zero  due  to  the  contact  resistance  R  and  the  resistance  of 

c 

the  semiconductor  active  layer  under  the  contact. 

As  the  current  passes  through  the  conducting  layer,  a 
voltage  drop  V(x)  is  due  to  the  IR  drop  along  the  sheet 
resistance  of  the  layer.  Or 


I  = 


z  dV(x) 


rsh  dx 


,  x  >  0 


(3) 


where  z  is  the  width  of  the  contact.  A  plot  of  V(x)  versus 


m 


SH 


x  should  give  a  straight  line  with  a  slope  of 
is  calculated  from  the  slope  since  I  and  z  are  known. 

Eq.  (3)  is  valid  as  the  current  goes  through  the  active 
layer.  As  the  current  reaches  the  contact  some  of  it  is  lost 


to  the  contact  because  of  p  .  Then  the  potential  is  given  by 

c 


V(x)  =  V(o)exp 


(<?)■  “ 


(4) 


From  Eq.  (4) ,  is  defined  as 


■'T  =  ( 


P„  V 


1/2 


rsh/ 


which  can  be  also  written  as 

s 


R„„Lm 
SH  T 


(5) 


Experimentally,  LT  is  determined  from  the  linear  extrapola¬ 


tion  of  the  line  to  V  =  0 .  R„  is  given  by 


<r 


The  previous  equations  were  developed  based  on  an 

assumption  that  the  contact  length  is  infinite.  The  contact 

is  assumed  to  be  infinitely  long  if  LT  is  much  smaller  than 

the  contact  length  x  .  If  the  contact  is  not  infinitely 

c 

long  then  a  more  exact  analysis  must  be  performed.  Wigen 
et  al.  (Ref  5)  have  done  an  explicit  derivation  of  this 
case.  The  difference  is  the  finite  and  infinite  treatment 
lies  in  the  boundary  conditions  used.  In  this  treatment, 
Wigen  proceeds  as  follows: 

The  current  lost  to  the  contact  at  any  point  X  is 

dl  (X)  =  zdX  .  (7) 

pc 

All  the  current  enters  the  contact,  therefore  IT0T  must  go 

into  the  contact  between  X  * x  and  X  =  0 . 

c 

itot  -/“«»  -  f*c  Hr zdx 

and  this  gives  the  boundary  condition  on  V(X). 

If  VQ  represents  V(X=0),  a  constant,  the  voltage  V(a) 
at  any  point  0<a<xc,  is  the  sum  of  Vq  and  the  total  RgHdI 
voltage  drop  up  to  that  point. 

J/*®  RcH 

'  dl  (X)  (a  -  X  )  . 

o  2 

Substituting  from  Eq.  (7) ,  the  above  equation  can  be  re¬ 
written  as 


V(a) 


/ 


V(x) 


R 


SH 


(  a  -  X  )  dX  . 
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This  equation  must  be  solved  to  find  V(l).  Taking  the 
derivative  with  respect  to  a,  solving  for  V(a),  and  applying 
the  boundary  conditions  results  in 


.,/  4  _  ITOTpc 

V(a)  =  - - — —  cosh 


zL_sinh  (~.) 


te) 


Since  a  =  x  -  x,  then 
c 


V  (x)  = 


zL, 


I„_  p  /  x  -x  \ 

TOT  c  t.  I  c  I 

- sr“  cosh  J 

msinh(r£)  '  T  l 


(8) 


which  is  a  more  exact  expression  for  V(x)  than  that  given  in 
Eq.  (4) .  Eq.  (8)  simplifies  to  Eq.  (4)  in  the  case  of  an 


infinitely  long  contact  where  L_  <<  x  . 

X  c 


When  x  =  0,  Eq.  (8)  becomes 


V  (o)  = 


XTOT  PC 


X 

cosh(s-^-) 


z  L_ 


x 

sinh(^) 

LT 


(9) 


and  when  V(x)  =  0, 


%  ■  lt 


X 

cosh  (t-£) 
lT 


(10) 


sinh  (=-=■) 


where  x.  is  the  apparent  transfer  length.  From  Eq.  (10) , 
Jjfp 


one  can  see  the  possibility  of  x_  being  greater  than  x  . 

ijm  C 


In  such  a  case 


would  be  in  error.  To  solve  for  the  correct  expression  for 


p  ,  xT  and  x  are  used  to  calculate  the  proper  value  of  L_ 
c  L«p  c  T 


Eq.  (10)  is  rewritten  as  follows: 

x 


cosh  (jr— ) 


T 


X„  *  X 

c  (^)  sinh  (=£) 

LT  lt 


When  c/L^,  <<  1,  such  as  in  the  finite  contact  case,  then 


cosh  (=r^)  “  1 
LT 


and 


x„  x 

sinh  (^)  s . 
LT  lt 


Substituting  these  expressions  into  Eq.  (9) ,  an  expression 

for  P  is  obtained 
c 


V(o) 

ITOT 


(z  xc) 


di: 


Eq.  (11)  is  valid  when  the  contact  cannot  be  considered 

infinite.  A  finite  condition  exists  when  p  is  large 

c 

compared  to  Rg H,  making  the  voltage  drop  in  the  contact  due 

mostly  to  p  .  The  contact  may  be  taken  as  infinite  if 
c 


x 

>  2  (12: 

•*fii 


or  substituting  in  for  L  , 


Determination  of  Specific  Contact  Resistivity 

From  the  mathematical  development,  the  approach  to 

determine  p  becomes  evident.  A  constant  current  is  passed 
c 

through  two  contacts  and  the  potential  created  is  measured 

against  the  distance  x.  A  straight  line  can  be  plotted 

through  the  experimental  points  using  a  least  squares 

technique.  RgH  and  Rc  can  be  evaluated  mathematically.  LT 

is  extrapolated  from  data  to  evaluate  P  .  If  the  contact 

c 

satisfies  the  infinite  condition 


then  p  is  determined  from 
c 

Pc  =  RSHLT 

For  an  ohmic  contact,  the  p  should  fall  in  the  range  of 

c 

_  3  2 

10  -  10  fi-cm  .  An  ultra  low  specific  contact  resis- 

_g  2 

tivity  is  one  that  is  less  than  10  0-cm  . 


Ill  Test  Equipment  and  Sample  Preparation 

Prior  to  taking  any  measurements,  the  test  equipment 
had  to  be  assembled  and  the  samples  prepared.  A  brief 
description  of  the  equipment  is  provided  in  this  section, 
followed  by  the  procedure  used  to  fabricate  the  samples. 
Each  step  in  the  fabrication  process  is  described  and  pre¬ 
sented  in  the  order  performed. 


Test  Equipment 

Figure  3  illustrates  the  basic  equipment  arrangement 
used  for  taking  the  required  measurements.  The  equipment 
includes  two  probes  that  are  used  to  pass  a  current  through 
the  contact  pattern  and  an  additional  two  probes  which  are 
used  to  detect  the  voltage  drop  between  the  two  probe  points. 
Each  probe  was  mounted  on  a  magnetic  base  and  could  be  moved 
along  three  axes  independently.  Magnetic  probe  mounts 
secured  the  fine-tipped  Osmuim  15  probes  to  a  probe  station. 
A  Keithley  616  Digital  Electrometer  was  connected  in  series 
with  a  Keithley  225  current  source.  The  resulting  voltages 
were  detected  by  a  Keithley  6900  Digital  Multimeter.  To  aid 
in  placing  the  probes  on  the  contact  pattern,  £  Bausch  and 
Lomb  microscope  with  a  45x  magnification  was  used.  A  light 
source  illuminated  the  contact  surface,  but  measurements  had 
to  be  taken  in  a  dark  environment  since  the  conducting  layer 


Figure  3.  Schematic  of  Test  Equipment 


is  optically  sensitive.  Thus  when  measurements  were  taken, 
the  light  source  was  turned  off  and  a  large  black  drop  cloth 
was  used  to  cover  the  entire  probe  station. 


Sample  Preparation 

The  experimental  samples  were  fabricated  from  undoped 
GaAs  substrates,  Material  Research,  stock  number  A555/R. 
These  substrates  were  found  to  be  of  fair  quality.  In  order 
to  prepare  a  sample  for  testing,  the  sample  had  to  be 
cleaned,  free-etched,  implanted,  pyrolytically  capped, 
annealed,  and  mesa  etched  before  the  metal  contact  could  be 
deposited  and  alloyed.  Each  of  these  steps  will  be  covered 
in  detail  in  this  section. 

Ion  Implantation .  The  implantation  dose  was  used  as  a 

parameter  in  this  study.  All  samples  were  implanted  with 
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Si  -  ions  of  a  fixed  energy,  100  KeV,  but  were  implanted 
at  different  doses.  The  doses  used  in  this  study  were 
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and  all  samples  were  prepared  under  the  supervision  of 
Dr .  Park . 

Sample  Cleaning.  The  cleaning  of  the  sample  is 
necessary  prior  to  any  further  processing.  First,  the 
sample  was  washed  and  swabbed  with  basic-H  solution,  then 
rinsed  with  de-ionized  (DI)  water.  Next  it  was  subjected 


$r 


to  a  chemical  wash  of  trichloroethylene,  acetone,  and 
methanol,  followed  by  a  second  rinse  of  DI  water  and  blown 
dry  with  nitrogen. 

Pyrolytic  Encapsulation .  The  encapsulation  of  the 
implanted  sample  is  necessary  to  prevent  any  losses  of 
either  dopants  or  host  material  atoms  from  the  sample 
surface  during  annealing.  All  encapsulations  were  performed 
by  Charlie  Geesner  of  the  Avionics  Laboratory.  Just  prior 
to  capping,  the  sample  was  soaked  in  HC1  acid  for  one 
minute  after  which  a  layer  of  Si^N^  was  deposited  on  the 
surface  of  the  sample  using  a  pyrolytic  technique. 

Annealing.  The  annealing  was  done  in  a  furnace  in 
environment  of  flowing  H^.  For  the  purpose  of  this  experi¬ 
ment,  the  annealing  temperature  was  first  fixed  at  850°C  for 
all  doses,  and  then  varied  from  700°  -  900°C  for  two  fixed 
doses.  A  summary  of  the  annealing  temperatures  and  doses 
for  the  samples  which  were  prepared  is  given  in  Table  I. 

In  general,  the  furnace  was  allowed  to  heat  up  to  the  de¬ 
sired  temperature  after  which,  the  sample  was  placed  in  the 
furnace  and  was  annealed  for  15  minutes.  Following  the 
annealing  time,  the  sample  was  cooled  to  400 °C  before  it 
was  removed  from  the  furnace. 

Removal  of  Si-jN^  Cap.  Once  the  annealing  process  was 
completed,  the  Si^N^  cap  was  removed.  The  sample  was  soaked 
in  HF  for  three  to  four  minutes  until  the  cap  lifted  off. 
Immediately  afterwards,  it  was  rinsed  with  DI  water  and  blown 
dry. 
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TABLE  I 


Prepared  Samples 


Dose 

(cm-2) 


Annealing  Temperature 


700  °C  800  °C  850°C  900°C 


5  x  10' 


1  x  10' 


3  x  10' 


1  x  10' 


3  x  10 


1  x  10- 


Mesa  Etching .  This  process  created  a  mesa  region  where 
the  metal  contact  was  deposited.  It  served  to  isolate  the 
numerous  contact  patterns  from  current  leakage.  The  etch 
must  be  deep  enough  to  go  beyond  the  depth  of  implantation, 
otherwise  the  applied-current  path  will  seep  around  the 
contact  pattern.  If  the  current  path  is  not  perpendicular 
to  the  contact  pattern,  the  mathematical  analysis  of  the 
data  fails. 

The  mesa  etch  process  began  with  a  voltage  breakdown 
test  of  the  surface.  One  expects  a  low  breakdown  since  the 
surface  should  be  highly  conductive.  The  sample  was  cleaned 
in  the  same  fashion  as  was  described  before.  Next,  the 
sample  was  baked-out  at  200 °C  for  30  minutes  in  an  N2  ambient 
oven.  The  HMDS  and  AZ1470  photoresist  (PR)  were  then  applied 


.9 


to  the  samples  followed  by  a  pre-bake  at  70 °C  of  20  minutes. 

Using  a  photographic  mesa  mask,  the  region  to  be  etched 
off  was  exposed  to  ultraviolet  light.  Development  takes  30 
seconds  in  AZ351  developer.  At  this  point,  the  exposed 
areas  of  the  PR  were  lifted  off  so  that  the  sample  could  be 
post-baked  at  100 °C  for  30  minutes  to  harden  the  remaining 
PR.  The  actual  etch  was  done  with  HF:H202:H20  (1:1:8),  which 

o 

etches  off  about  100  A  per  second.  The  samples  were  allowed 
to  soak  in  the  HF  solution  for  one  minute  to  etch  off  about 
0.6  ym. 

The  remaining  PR  was  removed  with  acetone  after  which  a 
second  voltage  breakdown  test  was  performed.  This  test  was 
performed  to  determine  the  breakdown  of  the  etched  away 
portion  of  the  sample,  which  should  be  a  nonconducting  sur¬ 
face.  The  breakdown  voltage  should  be  significantly  in¬ 
creased  as  was  the  case  for  this  work  where  the  breakdown 
voltage  went  from  5V  to  50V.  Finally,  the  mesa  step  height 
was  measured  to  check  the  etch  depth. 

Deposition  of  AuGe/Ni .  At  this  point,  the  sample  was 
finally  ready  for  the  deposition  of  the  metal.  The  sample 
was  cleaned  and  baked-out  as  previously  described.  The 
HMDS  and  PR  were  applied,  and  then  the  sample  was  baked  at 
70°C  for  10  minutes.  The  contact  pattern  mask  was  aligned 
to  the  mesa  and  the  sample  was  exposed  to  ultraviolet  light. 
Following  the  exposure,  the  sample  was  soaked  in  chloro¬ 
benzene  for  4.5  minutes  and  baked  at  70°C  for  15  minutes. 


Development  took  2  minutes  and  resulted  in  the  removal  of 
the  PR  where  the  contacts  are  desired.  Immediately  before 
deposition,  the  sample  was  soaked  in  dilute  HF  for  five 
seconds  to  remove  any  oxidation  on  the  surface.  The  actual 
deposition  was  done  by  technician  Carol  Travanski.  The 
excess  metal  was  lifted  off  by  soaking  the  sample  in  acetone 
and  using  a  gentle  ultrasonic  bath  to  shorten  the  soak  time. 

O 

The  2000  A  thick  metal  contact  was  composed  of  AuGe/Ni  which 
consisted  of  25%  Ni  and  75%  AuGe,  where  88%  (by  weight)  of 
the  AuGe  is  Au. 

Alloying.  The  metal  contact  of  AuGe/Ni  must  be  alloyed 
to  minimize  the  contact  resistance.  The  usual  alloying 
temperature  varies  from  400  to  450°C  at  different  intervals 
of  time,  the  higher  the  temperature,  the  shorter  the  time. 

In  general,  the  lower  temperature  will  produce  the  most 
uniform  contact  but  not  the  lowest  contact  resistance.  A 
higher  alloying  temperature  results  in  a  less  uniform  surface 
but  a  lower  resistance,  and  too  high  of  a  temperature  might 
cause  a  loss  of  As  in  the  conducting  surface.  In  this  study, 
an  alloying  temperature  of  450 °C  was  used  for  30  seconds. 

The  furnace  was  pre-heated  to  about  530°C  after  which 
the  sample  was  pushed  into  the  furnace.  After  approximately 
2.5  minutes,  the  sample  would  reach  430°C  and  at  this  point 
the  30  second  alloying  time  would  begin.  The  sample  was  then 
partially  pulled  out  of  the  furnace  and  allowed  to  cool  to 
approximately  200 °C  before  being  removed  completely. 


Throughout  the  alloying  process,  the  furnace  was  filled  with 
flowing  Ar  gas. 

An  illustration  of  a  finished  sample  with  contacts  is 


shown  in  Figure  4. 
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IV  Procedure 


Two  types  of  test  patterns  are  commonly  used  to 

evaluate  contact  resistance,  R  ,  and  contact  resistivity, 

c 

pc»  Both  patterns  follow  the  same  theory  and  methematical 
development.  Any  difference  in  the  analysis  of  the  data  is 
noted  in  this  section.  Both  patterns  make  use  of  the 
transfer  length  concept.  However,  in  order  to  distinguish 
between  the  two  designs,  the  patterns  will  be  designated  the 

ohmic  contact  pattern  and  the  transfer  length  pattern.  These 

% 

were  the  names  found  in  literature  for  the  patterns.  The 
geometry  of  each  pattern  in  shown  in  Figure  5. 

The  ohmic  contact  pattern  (Figure  5b)  consists  of  seven 
rectangular  metal  contacts.  Each  pad  is  separated  from  the 
adjacent  one  by  a  different  length:  3.39  ym,  8.67  ym, 

13.69  ym,  18.91  ym,  23.99  ym,  and  29.14  ym,  respectively. 

The  transfer  length  pattern  (Figure  5a)  has  two  large 
contact  pads  on  the  ends.  Between  the  two  pads  are  six 
equally  spaced  voltage  pick-off  strips.  The  ohmic  pattern 
has  a  higher  degree  of  accuracy  while  the  transfer  length 
pattern  provides  ease  of  measurement. 

The  procedure  used  to  take  measurements,  calculate 
RgH»  Rc»  Lt,  and  pc,  and  compute  the  error  bars  will  be 
presented  in  this  section. 
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Measurements 


Measurements  are  obtained  by  using  a  four-probe  method. 
Before  any  measurements  are  taken  a  couple  of  checks  must  be 
made  to  ensure  the  contact  is  ohmic  and  the  conductive 
surface  is  isolated.  This  section  will  describe  how  the 
checks  and  the  measurements  are  made. 

If  the  mesa  etch  is  not  deep  enough,  the  applied 
current  will  diffuse  around  the  mesa,  therefore  each  pattern 
must  be  isolated  to  take  proper  measurements.  In  other 
words,  only  the  mesa  must  contain  the  highly  conductive 
surface.  To  check  for  current  leakage,  two  patterns  are 
selected  that  are  positioned  end  to  end.  One  current  probe 
is  placed  on  each  pattern  forcing  the  current  to  pass  through 
an  etched  portion  of  the  sample.  By  measuring  the  voltage 
drop  between  the  patterns,  one  can  determine  if  the  etch 
region  is  still  conductive  or  non-conductive.  The  resistance 
between  patterns  should  be  significantly  higher  than  the 
resistance  measured  within  a  pattern.  Often  the  current 
will  be  difficult  to  maintain  between  patterns,  indicating 
good  isolation. 

All  contacts  must  be  ohmic.  The  traits  of  an  ohmic 
contact  are  a  linear  relationship  between  the  voltage  and 
the  current,  and  a  non-preference  to  current  polarity.  To 
check  for  the  linear  relationship,  merely  send  various 
currents  through  two  contacts  and  note  the  respective 
voltage  drops.  Twice  the  current  should  have  twice  the 


voltage  drop.  Non-preference  to  polarity  means  the  absolute 
potential  difference  will  not  change  as  the  current  goes 
from  positive  to  negative.  This  trait  can  be  readily 
checked. 

Once  the  pattern  was  confirmed  as  being  isolated  and 
the  contact  being  ohmic,  measurement  of  the  contact  resist¬ 
ance  can  begin.  All  measurements  were  taken  using  a  four 
probe  method.  This  method  uses  two  current  probes  and  two 
voltage  probes.  The  advantage  of  this  method  compared  to  a 
two  probe  method  is  that  the  current  probes'  resistance  is 
eliminated  from  the  voltage  readings. 

When  using  the  transfer  length  pattern,  the  current 
probes  are  placed  on  the  large  end  pads.  The  current  passes 
through  the  entire  pattern  and  the  current  probes  are  never 
moved.  One  voltage  probe  is  fixed  on  one  of  the  end  contact 
pads  while  the  second  voltage  probe  is  moved  from  one  finger 
contact  to  another. 

Figure  6a  illustrates  the  four  probe  method  as  it  is 
applied  to  the  transfer  length  pattern. 

For  the  ohmic  pattern,  none  of  the  probes  are  fixed. 
Current  probes  are  set  down  on  two  adjacent  pads  and  the 
voltage  probes  are  positioned  in  a  similar  manner.  The 
ohmic  pattern  always  has  a  current  probe  and  a  voltage  probe 
on  a  pad.  Figure  6b  shows  the  positioning  of  the  probes  on 
the  ohmic  pattern. 


Figure  6.  Probe  Positions  on  Test 
Patterns 
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Calculations 


For  a  given  pattern,  resistances  are  measured  for 
various  distances  through  the  conductive  material.  The 
resistance  is  determined  from  Ohm's  Law: 


where  R  is  the  resistance,  V  is  the  voltage,  and  I  is  the 
current.  The  distance  through  the  material,  x,  is  the 
separation  between  contact  points. 

A  plot  of  R  versus  x  should  yield  a  linear  relationship. 
A  non-linear  relationship  would  suggest  the  contacts  were 
not  ohmic.  The  straight  line  can  be  plotted  through  the 
data  points  using  a  least  square  fit.  Once  a  linear  fit  has 
been  made  to  the  points,  the  slope  is  easily  determined. 

The  sheet  resistance,  RgH,  is  computed  from 

RSH  =  Z  •  m 

where  z  is  the  contact  width  (cm) ,  and  m  is  the  slope  of 
the  line  (fl/cm) . 

The  intercepts  of  the  line  give  valuable  information. 

The  y-intercept  is  equal  to  twice  the  coi.  .act  resistance, 

R ,  while  the  x-intercept  is  twice  the  transfer  length,  L  . 

C  Jl 

This  statement  is  true  for  the  ohmic  contact  pattern.  Since 
the  transfer  length  pattern  is  measured  differently,  y(o)  is 
equal  to  R  ,  and  x(o)  is  equal  to  L  .  Regardless  of  which 

C  A 

pattern  is  used,  the  slope  remains  the  same. 


Physically,  the  slope  and  Rc  must  be  a  positive  value. 


The  absolute  value  of  the  x-intercept  is  used  for  L^.  If 


the  data  should  yield  a  negative  y-intercept,  then  the 
results  are  invalid. 


To  compute  p  ,  the  specific  contact  resistivity,  one 
c 


needs  to  know  if  the  current  sees  an  infinite  or  finite 
contact.  A  contact  may  be  considered  infinite  if 


xc  *  2  LT 


where  xc  is  the  length  of  the  contact.  All  measurements 


taken  in  this  work  met  the  above  condition.  Therefore,  all 
the  contacts  could  be  considered  electrically  long  or  in¬ 
finite. 

If  the  y-intercept  is  positive  and  the  contact  is  in¬ 


finite,  then  p  is  computed  from 
c 
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Figure  7  depicts  the  expected  graphical  results  from  measure¬ 
ments  using  the  two  test  patterns. 


Error  Bars 

The  error  bars  are  computed  from  a  statistical  analysis 
of  the  data.  On  a  given  device,  a  large  population  of 
patterns  are  available.  Close  to  120  ohmic  patterns  and 
60  transfer  length  patterns  are  on  each  device.  A  sample 
of  the  patterns  are  selected  to  represent  the  whole. 

Usually  9-12  patterns  were  measured  on  each  wafer. 


Statistically,  the  predicted  range  is  derived  from 

(13 
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where  x  is  a  mean  value,  Sx  is  the  standard  deviation,  n  is 
the  number  of  measurements  taken,  and  t  is  the  degree  of 
certainty  for  a  given  degree  of  freedom.  All  error  bars 
shown  in  this  study  contain  a  90%  degree  of  certainty.  In 
other  words,  the  true  value  of  the  measurement  has  a  90% 
probability  of  falling  within  the  range  indicated  by  the 
error  bars,  t  values  were  taken  from  a  statistical  chart 
(Ref  15 :  A-9) . 


V  Results 


All  samples  were  checked  for  the  electrical  isolation 

of  an  individual  pattern.  This  initial  step  confirmed  the 

mesa  etch  was  sufficiently  deep.  Next,  each  sample  was 

tested  for  contact  ohmicity.  All  the  samples  had  ohmic 

contacts  except  ones  the  sample  that  was  implanted  to  a 
12  -2 

dose  of  5  x  10  cm  and  annealed  at  850 °C.  Even  after 
re-alloying,  this  sample  did  not  form  an  ohmic  contact.  As 
a  result,  no  data  could  be  obtained  from  this  sample. 
Following  these  initial  tests,  measurements  could  begin  to 
be  taken.  Immediately  two  problems  arose.  Each  sample  had 
the  two  test  patterns  on  it.  A  discrepancy  developed  between 
the  findings  of  each  pattern  for  the  same  sample.  The  two 
patterns  were  yielding  values  of  p  that  were  orders  of 
magnitude  apart.  Secondly,  when  some  of  the  data  points 
were  plotted  out,  the  y- intercept  would  have  a  negative 
value.  Clearly,  a  negative  intercept  indicates  a  negative 
contact  resistance  which  is  not  physically  possible.  Both 
of  these  problems  will  be  discussed  further  in  this  section, 
and  the  findings  of  this  study  will  be  presented. 

Discrepancy  Between  Patterns 

The  two  test  patterns  provide  two  ways  to  measure  the 
same  values.  The  question  that  needed  to  be  answered  was 


which  pattern  gave  the  most  reliable  results?  To  determine 

this.  Hall  measurements  were  taken  for  samples  implanted 
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with  three  different  doses,  1  x  10  cm-  ,  1  x  10x  cm”  , 

15  -2 

and  1  x  10  cm  ,  all  annealed  at  850°C.  The  Hall  measure¬ 
ment  provided  very  accurate  values  for  the  sheet  resistivity, 
RgH.  Comparing  the  Hall  value  of  RgH  to  the  values  deter¬ 
mined  from  the  two  patterns,  one  could  gauge  which  pattern 
was  yielding  better  results.  The  ohmic  pattern  consistently 
provided  better  measurements.  The  reason  the  transfer  length 
pattern  was  inaccurate  is  still  unclear. 

The  transfer  length  pattern  measures  voltage  drops  over 
a  distance  of  400  ym,  with  the  first  data  point  at  a  distance 
of  53  ym  and  all  other  points  56  ym  apart  thereafter.  The 
resistance  across  the  total  length  varies  from  1  -  1000  n  , 

but  the  value  of  R  to  be  determined  is  only  about  20. 

c 

Therefore,  the  resolution  near  the  y-intercept  is  poor  and 
the  R_  value  is  very  sensitive  to  slight  changes  in  the 
slope  of  the  R  versus  distance  curve.  On  the  other  hand, 
the  ohmic  pattern  uses  a  maximum  distance  of  30  ym  and  pro¬ 
duces  resistances  varying  from  1  -  100  0.  The  ohmic  pattern 
would  seem  to  have  a  better  resolution  near  the  y-intercept 
because  of  the  smaller  range  of  the  plot.  In  addition,  the 
transfer  length  pattern  has  a  y-intercept  that  is  equivalent 

to  R  ,  while  the  ohmic  pattern's  y-intercept  is  equal  to 
c 

twice  R  .  The  ohmic  pattern  would  probably  yield  a  truer 
c 

value  of  R  .  Based  on  the  above  discussion,  the  ohmic 
c 


pattern  was  selected  for  all  further  measurements  and  the 
transfer  length  pattern  was  abandoned. 


Negative  y-intercept 

All  measurements  were  taken  from  the  ohmic  pattern. 
However,  the  results  were  not  always  acceptable.  Often  the 
y-intercept  would  have  a  negative  value  which  clearly 
indicated  a  flaw  in  the  measurement  or  the  evaluation.  The 
pattern  had  been  designed  with  spacings  between  the  contact 
pads  of  5  pm,  10  pm,  15  pm,  20  pm,  25  pm,  and  30  pm.  At 
closer  inspection  the  spacings  did  not  turn  out  to  be 
increments  of  5  pm.  Photographs  of  the  pattern  were  taken 
using  a  high-power  microscope.  The  separations  between  pads 
were  measured  from  the  photograph  with  a  high-grade  meter 
ruler.  The  separations  were  found  to  be  3.39  pm,  8.67  pm, 
13.69  pm,  18.91  pm,  23.99  pm,  and  29.14  pm.  These  new  x 
values  significantly  altered  the  plot.  Virtually  all 
measurements  produced  y-intercepts  with  positive  values  by 
using  the  new  x  values.  Still,  not  all  negative  y-intercepts 
were  eliminated. 

Once  again,  the  failure  of  the  measurements  could  be 
related  to  the  contact  pattern  or  difficulties  of  determining 
the  correct  Rc  values  due  to  the  resolution  problem.  In  the 
contact  fabrication  process,  two  masks  are  used:  one  to 
create  the  mesa  and  a  second  to  pattern  the  contact  design. 
The  two  masks  must  be  manufactured  so  that  the  contacts  lie 
directly  on  top  of  the  mesa,  however  the  two  masks  made  for 


this  study  were  not  perfectly  aligned.  The  pictures  taken 
of  the  contact  pattern  show  how  part  of  the  metal  contact 
lies  off  the  mesa  (see  Figure  8) .  The  misalignment  would 
allow  part  of  the  current  to  flow  around  the  contact  instead 
of  entirely  perpendicular  to  the  leading  edge  of  the  contact. 
Therefore,  the  contact/raesa  misalignment  would  introduce 
some  error  in  all  measurements,  although  such  an  error  would 
be  slight. 


Findings 

The  experimental  data  when  plotted  formed  a  straight 

line.  A  typical  plot  of  experimental  data  is  given  in 

Figure  9.  For  all  plots  the  correlation  coefficient  was 

always  better  than  0.99.  This  would  indicate  that  the  bulk 

resistance  or  RgH  was  behaving  as  it  should  and  the  ion 

implantation  could  be  considered  uniform  over  the  dimensions 

of  the  pattern.  Two  variables  were  used  in  this  study:  the 

implantation  dose  and  the  annealing  temperature. 

Fixed  Implantation  Dose.  Figure  10  is  a  plot  of  p_ 

versus  annealing  temperature  for  the  two  fixed  ion  doses. 

Although  an  exact  value  of  p  was  difficult  to  determine 

c 

because  of  questionable  intercepts,  this  plot  reveals  that 

the  annealing  temperature  over  this  range  has  virtually  no 

effect  on  p  .  Nevertheless,  the  annealing  temperature  did 
c 

alter  the  sheet  resistance  significantly.  A  plot  of  R 

SH 

versus  the  annealing  temperature  is  given  in  Figure  11. 


RESISTANCE  (ohms) 


b.  y-intercept  values  of  all  doses 

Figure  9.  Resistance  Versus  Distance  Plots  of 
Experimental  Data 
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DOSE  ■  3x10  cm 
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TEMPERRTURE 
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Figure  11.  Plot  of  R„  -  vs  -  Annealing  Temperature 


This  plot  shows  a  definite  decline  in  RgH  as  the  annealing 

temperature  increases.  The  discrepancy  between  the  annealing 

behavior  of  p  and  R_„  may  also  indicate  that  determining  p 

values  with  considerable  accuracy  is  a  problem.  However,  p 

14  -2 

values  for  the  dose  of  3  x  10  cm  is  generally  lower  than 

13  -2 

those  for  the  dose  of  3  x  10  cm  at  all  annealing  tempera¬ 


tures. 

Fixed  Annealing  Temperature.  For  this  portion  of  the 
study,  samples  of  various  doses  were  annealed  at  850°C  for 


15  minutes.  Measurements  were  taken  and  a  p  was  computed 


for  each  sample.  A  summary  of  the  data  obtained  from  the 
samples  at  a  fixed  annealing  temperature  is  given  in 
Table  II. 

Resistivity  is  calculated  from  the  relation 

2 


P  =  R_„  L 
C  SH  T 


where  RgH  is  taken  from  the  slope  of  the  plot.  RgH  measure¬ 


ments  were  quite  consistent  for  all  data  taken  from  one 


sample.  The  calculated  R„„  was  compared  to  the  Reu  value 

on  on 


determined  by  Hall  measurement.  The  comparison  of  the  Hall 


RgH  and  the  experimentally  derived  RQH  values  is  given  in 


SH 


Figure  12.  This  plot  shows  that  the  experimental  values 
are  in  good  agreement  with  the  Hall  measurements. 


While  the  R,,u  values  were  very  consistent  for  different 

bn 


measurements  on  the  same  sample,  the  same  could  not  be  said 


about  the  LT  values.  is  determined  by  the  x-intercept. 


Often  the  x-intercept  would  vary  by  a  factor  of  two  or  three. 


TABLE  II 


Data  Summary  -  Fixed  Annealing  Temperature 
HALL 


Dose 

(cm“2) 

rsh 

(Si/a) 

rsh 

(Si/a) 

R 

c 

(ft) 

lt 

(xl0-5cm) 

Pc 

(xl0”7a-cm2) 

lxlO13 

249.71 

256.16 

2.44 

7.33 

14.3 

3  x  1013 

— 

196.13 

1.50 

5.80 

9.99 

1  xlO14 

188.75 

191.90 

1.46 

5.82 

6.57 

3  x  1014 

— 

166.47 

.895 

4.10 

2.78 

1  xlO15 

155.10 

164.13 

2.30 

10.6 

18.8 

Since  L  drives  the  equation  used  to  compute  p  ,  p  values 
X  c  c 

are  very  sensitive  to  slight  variations  in  L^,. 

Figure  13  is  a  plot  of  p  versus  dose.  The  points 

c 

shown  use  the  mean  value  of  p  for  that  dose.  The  error 

c 

bars  represent  the  range  in  which  the  true  value  for  p 

c 

could  be  found  (90%  certainty) .  The  sample  with  the  lowest 

14  -2 

p  value  was  the  sample  implanted  at  3  x  10  cm  .  In 
c 

general,  the  greater  the  dose,  the  lower  the  p  ,  until  the 

c 

14  -2 

dose  of  3  x  10  era  is  reached.  At  that  point,  the  trend 

reverses  itself  and  p  increases  with  the  dose. 

c 

15 

The  reasons  that  p  increases  for  the  dose  of  1  x  10 

c 

_2 

cm  are  not  well  understood  at  present.  Although  the  im¬ 
planted  dose  is  very  high,  the  sheet  carrier  concentration 
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Figure  13.  Plot  of  p  -  vs  -  Dose 


implantation  damage  may  have  remained  for  this  sample,  and 

therefore  pc  is  higher  than  that  for  the  dose  of  3  x  10 14 

-2 

cm 

Based  on  the  findings  of  this  work,  the  following  trends 
were  observed.  If  the  dose  is  fixed  and  the  annealing  tem¬ 
perature  is  varied,  no  real  change  in  p  occurs.  However, 

c 

a  definite  change  in  is  observed:  as  the  annealing 

temperature  is  increased  the  sheet  resistance  decreases. 

When  the  annealing  temperature  is  fixed  and  dose  is  varied, 

then  a  change  in  p  is  easily  seen.  As  the  dose  increases, 

the  resistivity  decreases  until  the  minimum  p  is  reached  at 

c 

14  -2 

the  dose  of  3  x  10  cm  ,  after  which  p  increases  rapidly 

c 

with  the  dose.  The  minimum  value  of  p  that  was  obtained 

c 

is  2.8  x  10"7fl  -  cm*"2. 


VI  Recommendations/Conclusions 


From  the  outset,  this  study  sought  to  investigate  the 
effect  of  the  ion  implantation  dose  and  the  annealing  tem¬ 
perature  on  the  specific  contact  resistivity.  With  the  dose 
held  constant,  the  annealing  temperature  was  varied  over  a 

range  of  temperatures  and  p  was  computed.  While  p  did  not 

c  c 

change  with  the  variations  in  annealing  temperature,  a  change 
was  noted  in  the  Rgg  values.  RgH  decreased  as  the  annealing 
temperature  increased.  The  discrepancy  in  the  annealing 
behavior  of  p  and  R_„  may  indicate  that  p„  is  not  being 

C  on  C 

determined  accurately.  However,  the  p  values  for  the  dose 

14  -2  13  ”2 

of  3  X  10  cm  were  lower  than  those  of  the  3  x  101  cm 

dose.  When  the  annealing  temperature  was  fixed  at  850°C  and 

the  dose  was  varied,  a  more  definite  trend  was  observed.  In 

general  the  greater  the  dose,  the  lower  the  p  until  the 

C 

14  -2 

minimum  p  was  reached  at  a  dose  of  3  x  10  cm  ,  after 
c 

which  an  .increase  in  dose  produced  a  sharp  increase  in  p  . 

c 

This  higher  p  found  in  higher  doses  could  be  due  to  greater 
c 

ion  implantation  damage.  The  minimum  p  value  obtained  was 

c 

-7  2  14  -2 

2 ..78  x  10  fl  -  cm  for  a  dose  of  3  x  10  cm  annealed  at 

850°C. 

While  the  findings  were  useful,  the  experimental  in- 
sight  gained  proved  to  be  the  most  beneficial  result  of  this 
work.  These  measurements  had  not  been  attempted  before  at 


6 


the  Avionics  Laboratory  and  unrefined  experimental  procedures 
contributed  to  inaccuracies  in  measurements.  Recommendations 
for  improving  measurement  accuracy  are  presented  in  the  re¬ 
mainder  of  this  section. 

The  shortcomings  of  this  work  are  directly  related  to 
the  contact  test  pattern  dimension.  The  inability  to  obtain 
accurate  intercept  values  from  the  plot  of  experimental  data 
was  caused  by  the  relatively  large  dimensions  of  the  pattern. 

A  higher  degree  of  accuracy  could  be  obtained  if  the 
test  pattern  would  be  re-designed.  The  contact  pattern  shown 
in  Figure  14  has  been  proposed  by  Dr.  A.  Ezis.  In  the  pro¬ 
posed  pattern  the  contacts  are  separated  2  ym,  3  ym,  4  ym, 

6  ym,  and  8  ym.  Given  that 

z  =  70  ym 

x  =  60  ym 
c 

_  _  , _14  -2 

Dose  =  3  x  10  cm 

-7  2 

p  =  1  x  10  fi  cm 
c 

one  can  calculate  the  expected  values  of  the  intercepts. 

From  Figure  12,  one  can  get 

Rsh  £  170  a/a 

so  therefore 

*  ^SH 

Slope  =  —  =  2.43  a/m 
z 


.  243ym 


*»- 


Figure  14.  Proposed  Ohmic  Contact  Test  Pattern 


from  which  one  obtains 


Rc  =  (Slope)  Lt  =  .59  ft  . 

The  proposed  pattern  does  satisfy  the  infinite  condition: 

Xc  ”  2  LT 

since 

60pm  >  .5pm  . 

For  the  proposed  pattern  dimensions  the  resistance  measure¬ 
ments  would  range  from  0  to  20  (2  as  x  goes  from  0  to  10  pm. 

The  y-intercept,  which  is  2  R_,  would  be  -1.2n.  The  x- 

c 

intercept,  which  is  21^,  would  be  '.5 pm.  These  intercept 
values  should  be  easily  determined  by  the  proposed  pattern 
since  the  scale  of  the  plot  is  greatly  reduced. 

Further  improvements  in  this  study  could  also  be 
implemented.  The  semiconductor  substrate  was  of  fair 
quality.  Upgrading  the  quality  of  the  substrate  could 
improve  the  consistency  of  the  measurements.  The  slightly 
inferior  substrate  could  have  contributed  to  experimental 
variations  in  the  data. 

When  the  new  mask  is  manufactured  for  the  proposed 
contact  pattern,  care  needs  to  be  taken  to  design  a  mesa 
mask  that  is  aligned  to  the  pattern.  Alignment  eliminates 
the  concern  of  current  flowing  other  than  perpendicular  to 
the  contact  interface. 


Lastly,  the  optics  in  the  probe  station  needs  to  be  of 
a  greater  magnification.  The  greater  magnification  is  needed 
to  see  the  contact  pads  and  the  separation  between  pads. 

The  optics  could  be  improved  by  simply  replacing  the  eye¬ 
pieces  with  lenses  of  20x  or  better. 

The  recommendations  suggested  in  this  section  should 
provide  more  reliable  results.  The  frequency  of  question¬ 
able  intercepts  should  be  reduced  if  not  eliminated  and  a 
greater  degree  of  precision  in  p  measurements  could  be 
achieved.  The  measurement  method  described  in  this  work  is 
a  simple  experimental  means  of  determining  RgH,  Rc,  LT  and 

p  .  With  the  modifications  given  in  this  section,  the 
c 

measurements  could  be  quite  accurate  and  the  results  easily 
reproduced . 
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